Objectives: Geographic clustering of bystander cardiopulmonary resuscitation (CPR) is associated with demographic and socioeconomic features of the community where out-of-hospital cardiac arrest (OHCA) occurred, although this association remains largely untested in rural areas. With a significant rural component and relative racial homogeneity, Kent County, Michigan, provides a unique setting to externally validate or identify new community features associated with bystander CPR. Using a large, countywide data set, we tested for geographic clustering of bystander CPR and its associations with community socioeconomic features.
O ut-of-hospital cardiac arrest (OHCA) accounts for 15% (360,000) of all annual deaths in the United States. 1 Known regional variations in survival after OHCA 2,3 may be attributable to geographic and regional disparities in bystander cardiopulmonary resuscitation (CPR), which ranges in prevalence from 10% to 65% across the United States. 4 Bystander CPR is a key link in the chain of survival and is associated with improved survival from OHCA. 5 Early initiation of CPR is paramount in cardiac arrest as the likelihood of survival drops 7% to 10% for each minute without CPR. 6 Despite its importance, approximately 25% of OHCA cases receive bystander CPR, and less than 3% of the U.S. public receives CPR training annually. 1 As highlighted in the 2015 Institute of Medicine report on cardiac arrest, educating and engaging the public are key components in efforts to improve survival. 7 Effectively deploying such educational strategies, however, requires a geospatial understanding of where public knowledge gaps actually exist.
Where investigated, disparities in OHCA and bystander intervention rates are linked to individual and community characteristics of that geographic area. For example, minority ethnic groups are at higher risk than Caucasians for nonshockable initial rhythms, which inherently carry a poor prognosis; they are also less likely to receive bystander CPR. [8] [9] [10] [11] [12] Neighborhood characteristics where OHCA occurs have also been associated with the likelihood of receiving bystander CPR and subsequent survival. Those with OHCA in primarily Latino, African American, poor, or nonEnglish-speaking neighborhoods are less likely to receive bystander CPR than in Caucasian or higherincome neighborhoods. 4, [13] [14] [15] [16] [17] Given the importance of early bystander intervention, how infrequently it occurs, and observed racial and socioeconomic disparities, identifying areas with low bystander intervention rates and understanding the make-up of these communities is crucial to enable tailored community CPR education directives. This work has begun in select U.S. cities, although rural areas remain largely unrepresented. In light of this, we conducted a geospatial analysis of OHCA and bystander CPR in Kent County, Michigan. Kent County provides a unique setting to test the external validity of observed disparities in bystander CPR; it contains a large rural component and is fairly racially homogenous, which makes it unique from the regions (mostly cities or greater metropolitan areas) studied to date. Our objectives were to characterize bystander CPR occurrence, test for geographic clustering of OHCA and bystander CPR, locate geographic areas with disproportionately lower likelihood of bystander CPR, and identify the demographic and socioeconomic features of these communities. We hypothesized that OHCA and bystander CPR cluster geographically in Kent County and that these clusters are associated with neighborhood demographic and socioeconomic characteristics.
METHODS

Data Source
Cardiac arrest data were obtained from the regional Cardiac Arrest Registry to Enhance Survival (CARES) database for Kent County, Michigan. The CARES data set, sponsored by the Centers for Disease Control and Prevention (CDC), has been previously described in detail. 18 Briefly, CARES is a secure Web-based registry developed in 2004 by the CDC and Emory University to record prehospital data on cardiac arrest. CARES is utilized by nearly 60 communities in 23 states and more than 13 state registries, covering a catchment area of 80 million citizens, 580 emergency medical services (EMS) agencies, and 1,000 hospitals. We obtained neighborhood demographics and socioeconomic information from the open-access 2010 U.S. Census Bureau.
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Study Design, Setting, and Population We conducted a secondary analysis of a prospectively developed cohort of OHCA subjects in the CARES registry. 18 We included adult subjects with EMS-treated, nontraumatic OHCA in Kent County, Michigan, from 2010 to 2015. We excluded cases that occurred in a healthcare facility or other locations with on-site medical professionals (i.e., jails, airports). This study was unfunded and was granted exemption by the Michigan State University Institutional Review Board as a quality improvement project.
As of the 2010 U.S. Census, Kent County (Figure 1) Ionia and Ottawa counties. KCEMS is a quasi-governmental agency structured as a 501(c)(3) not-for-profit public corporation. Aside from providing medical accountability within the regional EMS system and promulgating standards of care, KCEMS provides a program of community information and education. KCEMS serves a larger population of 620,000 over 2331 square kilometers (900 square miles) and responds to 50,000 requests for service annually. The system utilizes two 9-1-1 communication centers, 31 medical first-response agencies, three ground ambulance services, one air ambulance service, and five emergency departments.
Study Definitions and Outcomes
Clinical features of OHCA cases were defined and classified per the CARES registry, which follows standard Utstein definitions for uniform reporting. We also utilized 2010 U.S. Census block group data to estimate socioeconomic characteristics of neighborhoods that contained OHCA cases in our cohort. Per U.S. Census Bureau definitions, the poverty threshold was set a priori based on household size and composition. Likewise, urbanized areas encompassed at least 2,500 people, at least 1,500 of which reside outside institutional group quarters per U.S. Census Bureau definitions of population density. 20 Arrest locations were considered private if they occurred in a home, residence, or institution. All other locations listed in Table 1 were considered public. The primary outcome was occurrence of bystander CPR; this included the traditional combination of ventilations and chest compressions, compression-only CPR, and in a handful of cases, isolated rescue ventilations.
Data Analysis
We abstracted EMS dispatch addresses, bystander CPR, and subject characteristics for each case of OHCA in CARES and then geocoded street addresses using Arc-GIS 10 (Esri) to create a population-adjusted density map of OHCA annual incidence. Census data were then overlaid to link community features to each occurrence of cardiac arrest. Moran's I-test assessed the presence of spatial autocorrelation of population-weighted cardiac arrest rate by census block. The difference between two interpolated raster surfaces identified relative differences between cases with/without bystander CPR. The Getis-Ord Gi statistic assessed for spatial clustering of bystander CPR, identifying areas with significantly higher ("hot spots") or lower ("cold spots") likelihood of bystander CPR with varying degrees of confidence. Sensitivity analysis of bystander CPR geospatial clustering excluded bystander CPR by off-duty medical personnel. After tabulating aggregate characteristics of census block groups, we stratified census data by presence or absence of bystander CPR and compared them with a t-test, Wilcoxon rank-sum test, or chi-square test.
Finally, mixed-effects hierarchical logistic regression estimated the association of individual-level clinical characteristics and census block-level socioeconomic characteristics with bystander CPR by nesting subjects (level 1) within census blocks (level 2). We added subject-level and census block-level characteristics as fixed effects, as well as interactions terms for racial composition and median household income with urban classification. Given the collinearity within types of socioeconomic features, we included proportion Caucasian as the sole estimate of racial composition, and median household income as the sole economic estimate. Statistical analyses were performed with ArcGIS 10 and STATA 12.0 (StataCorp). We utilized a two-sided alpha of 0.05.
RESULTS
Of 1,592 eligible subjects in the Kent County CARES Registry, 1,465 met inclusion criteria and were Table 1 summarizes clinical features and socioeconomic data from corresponding census block groups stratified by bystander CPR status. The overall cohort comprised mostly older (54 [interquartile range = 0-69] years), Caucasian (75%) males (63%) with OHCA in a private location (84%), an automated external defibrillator (AED) applied (61%), and a non-shockable initial rhythm (78%). Bystander CPR was usually performed by a lay person (91%) who delivered standard compressions/ventilations (30%) or compressiononly (37%) CPR. Subjects receiving bystander CPR differed from those without bystander CPR by race and cardiac arrest features (location, witnessed, AED shock delivered, initial cardiac rhythm; Table 1 ). Census block groups where bystander CPR occurred contained more Caucasian residents (p < 0.001), fewer black residents (p < 0.001), fewer Hispanic residents (p < 0.001), and fewer renters (p = 0.002); had a higher median household income (p < 0.001) and lower rates of unemployment (p < 0.001); and were less urbanized (p < 0.001) than those where bystander CPR did not occur (Table 1) . Figure 2 presents raw geocoding of OHCA cases and population-adjusted density of OHCA annual incidence that broadly corresponded to population centers. Geospatial analysis found significant clustering of OHCA ranging from 0 to >60 annual cases per 100,000 population (Figure 2) . Specifically, OHCA clustered in central Grand Rapids and its southern suburbs. Relative differences in bystander CPR (difference of cases with/without bystander CPR between interpolated raster surfaces) ranged from -10.4 to 2.0 across geographic locales, with a paucity of bystander CPR (-10.4 to -4.0) in urban and suburban areas ( Figure 3A) . OHCA cases in central Grand Rapids and its southern suburbs were less likely to receive bystander CPR ("cold spots" with 99% confidence), whereas northern, eastern, northeastern, and southeastern suburbs and rural regions were more likely to receive bystander CPR ("hot spots" with 99% confidence; Figure 3B ). Sensitivity analysis excluding bystander CPR by off-duty medical providers resulted in loss of some, but not all, of the hot spots in the eastern suburbs. Other suburban and rural regions were not affected. Table 2 contains the final multivariable model with adjusted odds ratios and 95% confidence intervals for performance of bystander CPR. Subjects with cardiac arrest in a public location or an initial shockable cardiac rhythm were more likely to receive bystander CPR. Subjects with cardiac arrest in an urban census block were less likely to receive bystander CPR. There was not a significant interaction between percent Caucasian and urban classification or median household income and urban classification. Post hoc sensitivity analysis of minority racial composition as a composite variable did not yield a significant association that persisted in adjusted analysis.
DISCUSSION
These results are a departure from the fairly consistent bystander CPR disparities observed in several U.S. Data presented as mean AE SD or median (interquartile range), depending on distribution. AED = automated external defibrillator; CPR = cardiopulmonary resuscitation; PEA = pulseless electrical activity; VF = ventricular fibrillation; VT = ventricular tachycardia.
cities. Prior work examining neighborhood effects on bystander CPR provision has demonstrated that communities with a predominance of racial minorities, low socioeconomic status, or both are associated with lower bystander CPR rates. 4, 13, [15] [16] [17] 21 However, in our data set the only nonclinical variables associated with bystander CPR provision in adjusted analysis were public location of OHCA and whether or not OHCA occurred in a rural area defined by population density. 20 In adjusted analysis, racial composition and socioeconomic factors were not associated with bystander CPR, nor were there significant interactions between population density, racial composition, and socioeconomic factors. Our findings may be related to the unique setting and study population. Kent County, Michigan, is racially homogenous (80% Caucasian) and comprises a medium-sized city (59% Caucasian) surrounded by numerous suburban and rural communities. By examining a county that encompasses both urban and rural settings, we were able to test the effect of population density on the adjusted associations between bystander CPR and other community demographic and socioeconomic features. An additional strength of our study was the use of census blocks as a unit of analysis as opposed to census tracts. Census blocks are the smallest unit of measurement by the U.S. Census, and tracts contain at least one or more blocks; 22, 23 therefore, the use of blocks afforded a more granular analysis with the ability to identify finer variations in OHCA and bystander CPR within the study region.
Prior work in this field has largely focused on medium-size or large cities. 4, 9, [11] [12] [13] 16, 17, 24 Most county-level data are from largely urban counties that contain a large city and greater metropolitan area, which precludes the ability to test for population density as a discriminating factor driving bystander CPR disparities. 14, 15 Of the few data sets that included rural areas, 21 ours is the only study to our knowledge that tests for urban designation as a factor associated with bystander CPR provision. Thus, the unique setting and population of Kent County may have uncovered a previously unrecognized phenomenon of mixed urban and rural regions: a paradoxical relationship between population density and bystander CPR occurrence that persists after adjusting for other demographic and socioeconomic features. There are several possible reasons for this observed relationship. Residents of rural regions may perceive that they are farther from medical aid and therefore feel a greater onus to act, whereas urban bystanders may perceive help will soon be arriving and therefore their actions will add little benefit. Additionally, there may be less social anonymity in small towns and other less densely populated areas. These factors may generate greater personal and social motivators to perform bystander CPR that are less likely in urban areas. Another possible explanation for our findings is the phenomenon known as "the bystander effect," 25 which describes how a larger number of witnesses to an event paradoxically results in fewer responders. Social psychologists posit this is due to a diffusion of individual responsibility; namely, each individual assumes that another will intervene, leading to group inaction.
Our findings underscore the importance of recognizing the social and geographic context of bystander CPR and addressing disparities through targeted resource allocation and training to areas and populations with the greatest need. Several factors have been cited as barriers to the performance of bystander CPR by laypersons. These include: 1) inability to recognize OHCA, 2) slow engagement of EMS services (calling 9-1-1), 3) inability to communicate OHCA to the 9-1-1 dispatcher, and 4) providing bystander CPR. 26 From our study design we are unable to assess if or how these barriers manifest differently in urban versus rural populations. Our data do, however, give reason to question the generalizability of these barriers to rural areas and suggest that at least some of the barriers to bystander intervention facing urban populations may differ from those in rural regions irrespective of demographic and socioeconomic composition. This is an unexplored area ripe for future study.
In response to identified barriers, the American Heart Association (AHA) has simplified the layperson approach to cardiac arrest. 27 Additionally, mounting evidence is shifting the conventional training paradigm away from centralized, formal training courses toward brief, disseminated messaging through widespread public education campaigns and social media. [28] [29] [30] To enhance these ongoing initiatives, a recent AHA scientific advisory statement calls for regions to link public health surveillance tools with geographic information systems to identify and target "high-risk: areas with disproportionately low prevalence of bystander CPR on which to focus public health resources. 26 Our work has done exactly that; by joining community CARES data to census information, we have created a geographic surveillance system for OHCA in Kent County, Michigan. This system can be updated over time and leveraged by community-focused organizations to better understand the cultural context and sociodemographics of an area when designing, implementing, and evaluating community-based CPR educational and training interventions. This model of community-based education has been successfully adopted by organ donation campaigns to increase awareness in minority populations. 31, 32 Since CARES is an ongoing registry with broad exposure to large portions of the United States, this analysis can be easily replicated in other population centers or scaled to larger geographic regions.
LIMITATIONS
The current study has several limitations. First, this was a retrospective observational cohort study and is therefore subject to the inherent risks of bias with this study design. Second, our data come from a single county, which may reduce external validity. The demographic and socioeconomic make-up of Kent County likely differs from other portions of the United States. Kent County is likely more racially homogenous (80% Caucasian) than other regions. This creates potential for Type II error when comparing bystander CPR prevalence across different racial groups. Additionally, we intentionally included bystander interventions provided by off-duty medical providers, which made up 11% of all bystander CPR. As such, our analysis did not solely focus on involvement of the lay public who would be the primary targets of future community CPR education initiatives. However, we believe that including these offduty medical providers represents the clinical reality of bystander interventions for OHCA in Kent County. Future work should consider prospective data collection in larger mixed urban and rural areas that are more racially diverse. As such, the next step in our line of inquiry is upscaling these analyses to encompass large portions of the state of Michigan that are also participating in CARES.
CONCLUSIONS
In an observational, geospatial analysis of out-of-hospital cardiac arrest and bystander cardiopulmonary resuscitation in Kent County, Michigan, we found that both out-of-hospital cardiac arrest and bystander cardiopulmonary resuscitation were geographically clustered. Although out-of-hospital cardiac arrest was more likely to occur in urban centers, bystander cardiopulmonary resuscitation was paradoxically less likely to occur in these densely populated areas. After clinical, demographic, and socioeconomic covariates were adjusted for, population density was the primary nonclinical driver of disparity in bystander cardiopulmonary resuscitation provision, a finding that has thus far been unrecognized by prior work. Identification of region-specific bystander cardiopulmonary resuscitation patterns and acknowledgement of their associated community features affords the opportunity for targeted community cardiopulmonary resuscitation education. 
